Volatile Acids of Cigar Smoke '

Introduction

Although cigarette smoke has been
investigated extensively for the pres-
ence of volatile acids, no reports have
appeared describing similar studies
on cigar smoke. The lower aliphatic
acids of cigarette smoke have been
isolated and identified by several
groups of workers. Recently, Izawa
and Kobashi (1958) isolated the
lower fatty acids from C, to C, in
addition to g-methylvaleric and
benzoic acids; identification was
made by preparation of crystalline
derivatives. In another study, Buyske
and his co-workers (1957) reported
the presence in cigarette smoke of
the fatty acids from C, to C,, in
addition to benzoic acid, using
zolumn and paper chromatographic
methods of identification. The latter
work included quantitative data.

Since cigar tobacco undergoes a
nethod of processing different from
:hat of cigarette tobacco and since
10 information is available on the
rolatile acid composition of cigar
smoke, a study of such constituents
ippeared to be of interest. The
resent report presents qualitative
ind quantitative data on the major
rolatile acids of cigar smoke con-
lensate.

xperimental

Collection of Smoke: Cigars were
quilibrated for one week at 68 per
ent relative humidity and 25° C. be-
ore smoking. They were smoked
i8ing the automatic smoking ma-
hine and experimental conditions
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8 This ether solution contained only a small
nount of the steam-distillable material which was
ter shown to be phenolic in nature.

described earlier (Schepartz, 1959,
1960). The smoke was collected in
traps cooled in acetone-dry ice.

Two popular brands of cigars were
smoked: a panatella with all-Havana
filler and drawn tuck, and a perfecto
with a cut filler of blended domestic
tobaccos. Usually, 25-30 cigars
vielded sufficient smoke condensate
for analysis.

Fractionation of the Condensate:
The traps containing smoke con-
densate were washed successively
with ether, absolute methanol and
5 per cent sodium hydroxide solu-
tion. The ether extract was then
extracted with alkali to remove
acidic material. The methanolic solu-
tion was made alkaline with 5 per
cent sodium hydroxide solution and
the solvent evaporated in vacuo. The
residue was dissolved in water and
extracted with ether to remove neu-
trals and bases. All the alkaline solu-
tions were then pooled.

The combined alkaline solution
was concentrated to a volume of
100 ml, acidified to pH 2.0 with phos-
phoric acid and steam distilled. One
and a half liters of steam distillate
were collected and titrated potentio-
metrically to pH 7.0 with 0.1 N
sodium hydroxide to estimate the
total steam-volatile acidity. After
extraction of the resulting neutral-
ized distillate with ether,? the distil-
late was evaporated to dryness yield-
ing a brown residue of sodium salts.

Silicic Acid Chromatography: The
chromatographic procedure of Buy-
ske et al. (1957) was applied to the
mixture of sodium salts. However,
the silicic acid was unwashed, and
the column was larger (2 x 20 cm).
The column was prepared by mixing
40 g of silicic acid with 86 ml of
2 M glycine adjusted to pH 2.0 with
concentrated hydrochloric acid, slur-
rying the resulting powder in 200 ml
of chloroform and pouring the slurry
into the column. A slurry of the

sample and 2 g of silicic acid in 2 ml
of glycine solution and 5 ml of
chloroform was quantitatively trans-
ferred to the column, and the column
was successively eluted with 200 ml
each of 1, 10 and 25 per cent n-butyl
alcohol in chloroform, Finally, an
additional 100 ml of the 25 per cent
solution was then passed through the
column. Ten milliliter fractions were
collected and titrated with 0.01 N
methanolic sodium hydroxide using
bromthymol blue as the indicator. A
plot of the elution data indicated two
major and two minor peaks (Figure
i). The elution curves for the two
brands of cigars were similar to each
other and to the data obtained by
Buyske et al. (1957) for the volatile
acids of cigarette smoke. According
to these workers, the first peak con-
tains higher homologues of propi-
onic acid and other acids, the second
peak is propionic acid, the third
peak is acetic acid and the fourth
peak is formic acid.

Identification of Acids: The peaks
were chromatographed on paper us-
ing several different solvent systems:

(1) 95% -ethanol/concentrated

ammonia (100:1) (Kennedy and

Barker, 1951)

(2) n-butyl alcohol/water/n-

propylamine (100:15:1) (Buy-

ske et al., 1957)

(3) t-butyl-aleohol /n-butanol /

concentrated ammonia (1:1:1)

(Schwartzman, 1960)

(4) acetone/water/concentrated

ammonia (95:5:1) (Kennedy

and Barker, 1951). Spray re-
agents consisted of a mixture of 50
mg bromphenol blue, 200 mg citric
acid, 100 ml absolute ethanol or, in
case of the solvent system containing
propylamine, of 0.1 per cent ninhy-
drin in chloroform.

Following the column chromato-
graphic separation, the eluted frac-
tions corresponding to a single peak
were pooled, evaporated to dryness,



aken up in water, acidified and
iteam distilled. The acids were iso-
ated from the distillates as the am-
nonium or sodium. salts and chroma-
.ographed. Chromatograms of the
immonium salts of the acids were
1sually more satisfactory than those
»f the sodium salts. Unwashed What-
nan No. 1 papert was found to be
satisfactory in all cases.

The first eluted peak contained
four components having the same
R; values as authentic n-butyrie, n-
valeric, n-caproic and n-heptylic
acids. Chromatograms of the second
eluted peak gave a single component
with R, corresponding to propionic
acid. Unfortunately, the salts of au-
thentic formic and acetic acids failed
to separate definitively on paper
and differentiation was not possible
with the material from the third and
fourth peaks, although a single spot
having the same R as the authentic
salts of formic and acetic acids was
obtained from each of the two
peaks. The residues from the third
and fourth peaks were then indepen-
dently steam distilled after acidifica-
tion, converted to the sodium salts
and examined by infrared spectro-
photometry -as Nujol mulls. The
infrared : spectra of the ‘salts pre-
pared: from peaks III and IV
(Figure 1) were identical with
those of authentic sodium acetate
and sodium formate, respectively.

Results and: Discussion’

The levels of the major volatile
acids obtained from the two brands
of cigars by calculation according to
Buyske et al. are presented in Table
1. The milliequivalent values are
averages of duplicate runs with the
ranges indicated in parentheses. The
indicated acids represented about
80-90 per cent of the total volatile
acidity; the remainder consisted of
unidentified substances = most of
which were not eluted from columns
under the experimental conditions.

The qualitative pattern of the
volatile acids was similar to that re-
ported for cigarette smoke (Buyske
et al,, 1957). For both cigars, acetic
acid was the major volatile acid, and
combined acetic and formic acid rep-
resented over 75 per cent of the total
volatile acids (milliequivalent basis).
Comparing these data with the
published values for cigarette smoke
cited above, we conclude that cigar

* Mention of a specific commercial product does
not constitute an endorsement by the United States
Depafitment of Agriculture over similar items not
named,

. 81t has been suggested that volatile acids present
in the smoke arise from sugars presént in the to-
bacco (Bradford et al., 1937). However, a recent
f'ubhcatwn (Quin et al., 1961) refutes this conten-
ion.,
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Figure |. Elution pattern of volatile acids from cigar smoke.

smoke contains about one-third the
volatile acidity of cigarette smoke
on the basis of mg acid per gram of
tobacco smoked.

In considering the possible origins
of the volatile acids present in to-
bacco smoke, the data reported above
are perhaps not unexpected. Greater
opportunities for losses of volatile
material exist in the relatively dras-
tic processes of air-curing and fer-
mentation of cigar tobaccos com-
pared to cigarette tobaccos. These
losses probably offset the anticipated
higher levels of volatile organic acids
which may result from more exten-
sive carbohydrate degradation in the
cigar tobacco leaves.’ However, such
complicating factors as differences in
pH of cigar and cigarette tobaccos
and smoke render difficult. a con-
clusive explanation of the observed
patterns of volatile acids present in
the smoke.

Summary

Volatile acids were removed from
cigar smoke condensate by solvent
extraction and steam distillation.
Fractionation of the individual acids
was achieved by partition chroma-
tography on silicic acid. Acetic and
formic acids were found to comprise
about 75 per cent of the total volatile
acidity with acetic acid predominat-
ing. Cigar smoke contains smaller
amounts of volatile acids than those
reported for cigarette smoke on the
basis of weight of tobacco smoked.
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Table 1. Volatile acids in

- Panatella
meq* mg*
Formic 1.43 (=*0.19) 65.8
Acetic 290 (+0.34) 174
Propionic 0.84 (=%0.03) 252
Butyric and ~
higher 0.52 (*0.13) 53.0¢

** dmounts per 100 g of tobacco smoked.

i Assuming mol wt of 102.

* Amounts per 100 cigars smoked. Panatellas weighed 8 g and 68 per cent of cigar was smoked;
perfectos weighed 7 g and 78 per cent-of cigar was smoked.

cigar smoke condensate

Perfecto
mg** ‘ meq* mg* mg*¥
121 129 (=%=0.11) 59.3 10.9
32.0 2.60 (*=0.44) 156  28.6
4.63 0.35 (£0.02) 259 4.74
9.75 0.50 (=*=0.05) 510 9.34
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